Introduction {#sec1-1}
============

Hepatitis delta virus (HDV) is a defective sub-viral agent, which requires the hepatitis B virus surface antigen (HBsAg) to be complete and infective.^[@ref1]^ It was discovered by Rizzetto in 1977 among patients with a severe form of hepatitis B virus (HBV) infection. It has a small (1.7 Kb) single stranded, circular RNA genome surrounded by a small 24-kDaHDAg and a large 27-kDa HDAg antigens. Viral particle comprises of an RNA molecule enclosed by delta antigens, which is surrounded by a HBsAg containing envelope.^[@ref1]^ Worldwide, approximately, 15-20 million individuals infected with HDV represents nearly 5% of all individuals with chronic hepatitis B.^[@ref2],[@ref3]^ Mediterranean countries, Eastern Europe, Middle East, Central Asia, Central Africa, and the Amazonian basin are considered as endemic areas.^[@ref4]^ The highest prevalence of HDV has been detected in some parts of Africa, South America, Romania, Russia, and the Mediterranean region, including Southern Italy while it is uncommon in Northern Europe and North America.^[@ref4],[@ref5]^ In Iran, although the overall prevalence of HDV among HBsAg positive carriers is around 5%,^[@ref5]^ reports from different areas showed various prevalence from 2-17.3%.^[@ref6]-[@ref9]^ Few surveys from Iran have reported the prevalence of HDV in high-risk groups including hemophilia and human immunodeficiency virus (HIV) infected individuals.^[@ref8],[@ref10]^ Frequent consequence of chronic HBV--HDV coinfection is a severe and quick progressive liver disease that is hardly treatable.^[@ref11]^ Two epidemiological patterns with different outcomes including co-infection (20% of cases) and super-infection (80% of cases) have been described for HDV infection.^[@ref12]^ Co-infection usually results in an acute self-limited illness with increasing risk of fulminant hepatitis, whereas super-infection generally causes severe and rapidly progressive liver disease that often leads to end-stage liver disease including cirrhosis and hepatocellular carcinoma.^[@ref13]^ In general, only 15% of the infected patients with HBV in comparison with 70-80% of HDV-infected patients end up with cirrhosis.^[@ref14]^ Evidence showed that liver disease caused by hepatitis viruses can be more aggressive and severe in HIV carriers, leading to cirrhosis and liver failure in a shorter period of time.^[@ref1],[@ref15]^ Also, HIV-infected patients are more likely to be exposed to factors precipitating decompensated liver disease, such as infections (cytomegalovirus, mycobacteria, etc.), alcohol, and hepatotoxic drugs, such as ketoconazole, cothrimoxazole, antituberculous drugs, phenytoin, benzodiacepins, and antiretroviral agents.^[@ref1],[@ref15]^ Moreover, HIV-infected individuals are at a higher risk for acquiring HDV as the same rout of transmission of these viruses (sexually and parenteral),^[@ref1]^ therefore, surveying the prevalence of hepatitis viruses in HIV infected individuals is more important. The prevalence of HDV-HBV co-infection, in HIV patients, was reported to be in a range from 1.2% in southeast Brazil to 14.5% in south and east of Europe, and 22.2% in Taiwan.^[@ref8]^ In Iran, the prevalence of HDV in individuals with HIV/HBV co-infection has been reported between 0.012-31.57%.^[@ref16],[@ref17]^ However, limited information is available regarding the seroprevalence and epidemiology of HDV among HIV/HBV co-infected patients in Iran. Thus, the present cross-sectional study aims to evaluate the seroprevalence of HDV infection among HIV/HBV co-infected clients referring to the Shiraz HIV referral center.

Participants and Methods {#sec1-2}
========================

All available patients were recruited based on convenience sampling from 2004 to 2012 from the HIV research center, Shiraz, Iran. The diagnosis of HIV infection was documented based on serological assays, including the detection of HIV antibody using enzyme immunoassay that was confirmed using immunoblot assay. The demographic data including age, sex, HIV transmission risk factors, CD4 count, and other complementary information were collected by a questionnaire. The study was approved by the Ethics Committee of Shiraz University of Medical Sciences and written informed consent was obtained from each participant before sampling.

Sampling {#sec2-1}
--------

A blood sample of 5 mL was taken from each participant and allowed to clot for 3 hours. Then, the samples were spun at 3000 rpm for 10 minutes and the serum was separated, aliquoted, and stored at -20°C until assayed.

ELISA Tests {#sec2-2}
-----------

HBsAg (Dia.Pro, Italy) and HDV Ab (Dia.Pro, Italy) were detected by commercial quantities enzyme linked immunosorbent assay kits according to the manufacturer's instructions.

ALT, AST and CD4 Assay {#sec2-3}
----------------------

Alanine aminotransferase and aspartate aminotransferase were measured using a standardized kit (Bionik, Tehran, Iran). All patients with abnormal alanine aminotransferase and aspartate aminotransferase results were investigated in this study. CD4 cell counts were measured using flow cytometry instrument (CyFlow®, GMBH, Germany).

Statistical Analysis {#sec2-4}
--------------------

Statistical analysis was performed using SPSS (version 16.0; SPSS Inc., Chicago, IL, USA). In addition to the descriptive test, crosstab test and Chi-square test were used to compare different variables and to find out the association of two-way tables. P values ≤0.05 were considered significant. Multivariate analysis was carried out using the logistic regression method.

Results {#sec1-3}
=======

In this study, 178 patients co-infected with HBV and HIV, among 1,480 HIV infected individuals were recruited. The mean age of the participants was 37.4±7.4 years (range 22-63). 175 (98.4 %) patients were male and 3 (1.6 %) were female. 28 (15.7%) were married and 150 (84.3%) were single. Among 178 patients co-infected with HIV/HBV, 35 (19.7%, 95% CI: 14%-25%) cases were positive for HDV Ab‏ and 143 cases (80.3%) were negative for anti-HDV.

[table 1](#T1){ref-type="table"} summarizes the main characteristics of the study population by HDV status. The results of multivariate analysis demonstrated that HDV exposure was independently associated with blood transfusion (P=0.002, OR: 14.3 and CI: 2.5-104) and prison history (P=0.01, OR: 2.31 and CI: 1.2-4.49). Age, marital states, unsafe sex contact, and injection drug users were not associated with prevalence of HDV infection in HIV/HBV co-infected patients. According to the study findings, ALT and AST levels were not significantly different in patients infected with HDV compared with those negative for HDV.

###### 

Main characteristics of HIVinfected individuals with positive HBs Ag according to delta status

  Variable                       All HBsAg patients   HDV Abpositive   HDV Abnegative   P value
  ------------------------------ -------------------- ---------------- ---------------- ---------
  Number                         178                  35 (19.7%)       143 (80.3%)      \-
  Median age (years)             34 (2262)            38 (3062)        37 (2258)        0.045
  Marital status                 29                   6 (17%)          23 (15.4%)       0.9
  Unsafe sexual contact          40                   6 (17.1%)        34 (23.7%)       0.64
  Intravenous drug use           68                   15 (42.9%)       53 (37%)         0.8
  History of blood transfusion   9                    7 (20%)          2 (1.4%)         0.004
  History of being imprisoned    69                   25 (71.4%)       44 (30.7%)       0.01
  ALT level (IU/L)               13.6±8.8             13.2±5.5         13.7±9.4         0.95
  AST level (IU/L)               9.2±6.2              8.8±3.7          9.3±6.6          0.92
  Median CD4 count (cells/uL)    281                  276              289              0.47

Discussion {#sec1-4}
==========

HIV, HBV, and HDV share the same routes of transmission. The presence of HDV infection among HIV/HBV co-infected patients has been associated with aggressive course of liver disease; frequently leading to cirrhosis, decompensation, and death.^[@ref1],[@ref18]^ Anti-HDV antibody assay is highly recommended in HIV patients co-infected with HBV, particularly in those who live in endemic regions for HDV.

In the present study, the prevalence of HDV Ab among HIV/HBV co-infected patients was 19.8% (35 out of 178). Vaziri et al. reported that 31.57% of HIV infected individuals with positive HBsAg in Kermanshah (west of Iran) had HDV Ab in their serum.^[@ref17]^ Furthermore, according to Aghasadeghi et al., the prevalence of HDV in hemodialysis patients co-infected with HIV/HBV in Tehran was 2.5%.^[@ref8]^ Although the outcome of our study differs from other Iranian reports, the small sample size of other studies may influence their results.

Up to now, two studies have reported the seroprevalence of HDV in HBsAg positive in Shiraz, southwest of Iran. The first study on the epidemiology of HDV infection from Iran (1989) shows that 13.9% of asymptomatic hepatitis B carriers in Shiraz were positive for anti-HDV Ab.^[@ref19]^ In the other study conducted in 2008, Taghavi et al. ^[@ref20]^ reported that anti-HDV Ab positivity rate was 9.7% in chronic hepatitis B patients over the age of 15, showing a decrease in its prevalence in comparison with previous studies. Reported studies from Tehran, show that 2.5-9% of HBsAg positive patients were infected with HDV.^[@ref19]^ Moreover, the prevalence of HDV in HBV infected patients in southeast of Iran was 10.7% in Kerman, 17% in Sistan-Baluchistan province and in northern part of Iran, it was 0.03% in Qum and 2% in Babul.^[@ref7],[@ref19]^ Recently, in a meta-analysis reported by Amini et al., 7.8% of HBsAg positive individuals of Iran were infected with HDV.^[@ref19]^ These data show that; (i) HDV infection is more common in HBsAg positive patients in the south of Iran, including Fars province, than northern areas, (ii) the prevalence of HDV is more frequent in HIV/HBV co-infected patients than those only infected with HBV.

Data reported from other countries show various prevalence rates of HDV infection among individuals infected with HIV and HBV. The prevalence of HDV among Brazilian individuals infected with HIV and HBV was 1.2% (1 out of 86).^[@ref21]^ Other reports from Brazil have shown that HDV prevalence of 9.4% and 2.7% in HIV/HBV co-infected cases.^[@ref15],[@ref22]^ Sheng et al. reported 22.2% prevalence of HDV in HIV/HBV co-infected individuals in Taiwan.^[@ref23]^ In Italy, 11% (2 out of 18) of patients with dual infection of HIV and HBV were positive for HDV infection.^[@ref24]^ Although the prevalence of HDV in Iran is low compared with other endemic regions (e.g. Turkey and Italy), comparison of data from Iran with other countries shows a high prevalence of HDV among Iranian patients with HIV/HBV co-infection. Moreover, HDV infection rate in the south of Iran is higher than that of the northern areas and HDV infection is more prevalent in patients infected with HIV than individuals with no history of HIV infection. In addition, HDV co-infection in patients infected with HIV and HBV may precipitate the progression of the disease and these patients may suffer from a more severe form of the disease than patients infected only with HIV and HBV. Accordingly, we recommend that screening for HDV infection should be mandatory in all HBsAg-positive/HIV-positive patients in Iran, particularly for those living in the areas with a high prevalence of HDV, such as Fars province, south of Iran.

HDV is spread mainly through parenteral exposure in the same way as HBV.^[@ref25]^ Our data showed that HDV infection in HIV/HBV co-infected patients was statistically significant and associated with blood transfusion and prison history but not with marital status, unsafe sexual contact, and intravenous drug use. In this study, the history of blood transfusion was statistically associated with HDV infection in HIV/HBV co-infected patients compared with those infected only with HBV (20% versus 1.4%). In another study in Isfahan, central Iran, HDV infection was more frequent in HBsAg positive patients with a history of transfusion.^[@ref9]^ Therefore, finding the frequency of HDV in high-risk groups, including continual recipients of blood and blood products (e.g., patients with thalassemia, hemophilia, and coagulation factor deficiencies) is necessary in Shiraz and other parts of Iran. It has been reported that HDV marker positivity is associated with prison history.^[@ref17]^ In line with these findings, our data also showed that the rate of HDV Ab in HIV/HBV co-infected individuals with prison history is higher than those without (71.4% versus 30.7%).

In this study, all individuals infected with HDV/HIV and HBV (35 out of 35) and 97.9% of those infected with HIV/HBV (140 out of 143) were male. This may be the reflection of higher prevalence of HIV in men than women in Iran.

HDV infection is more common in groups with frequent skin contact such as intravenous drug users. In a study conducted in Europe, the proportion of anti-HDV positive in HIV/HBV co-infected patients was higher in intravenous drug users.^[@ref1]^ Our data show that intravenous drug use was not a risk factor for HDV infection in HIV/HBV co-infected patients. With respect to the age as a risk factor for HDV infection, as reported in some studies,^[@ref1]^ we did not find an association between age and HDV infection in HIV/HBV co-infected patients. Although sexual transmission has been reported as a possible route of HDV transmission, in the present study, marital status and unsafe sexual contact were not statistically associated with the high rate of HDV infection in HIV/HBV positive patients. Infection with HDV along with its genotyping can be detected by HDV RNA assay and this may be a limitation of our study. However, we have not performed such an assay on the studied HDV infected samples, as genotype detection was not included in this study.

Conclusion {#sec1-5}
==========

Our study showed that HDV has affected a significant number of HIV infected population in Shiraz, southwest of Iran (19.7%). This emphasizes the necessity of HDV testing in this group of patients. According to the results, blood transfusion and prison history are considered as major risk factors of HDV infection in patients infected with HIV and HBV, but marital status and unsafe sexual contact are not. High infection rate of HDV Ab in the above-mentioned groups indicates that HDV transmission occurs more frequently in the parental route than a sexual route. It signifies the recommendation of blood screening for HDV diagnosis in thalassemia, hemophilia, and dialysis groups.

The authors would like to gratefully acknowledge all those participated in this study and the financial support from the Health Policy Research Center, Shiraz University of Medical Sciences, Shiraz, Iran.

**Conflicts of Interest:** None declared.
